Spinal cord stimulation (SCS) is the most commonly used technique of neurostimulation. It involves the stimulation of the spinal cord and is therefore used to treat chronic pain. The existing esophageal catheters are used for temperature monitoring during an electrophysiology study with ablation and transesophageal echocardiography. The aim of the study was to model the spine and new esophageal electrodes for the transesophageal electrical pacing of the spinal cord, and to integrate them in the Offenburg heart rhythm model for the static and dynamic simulation of transesophageal neurostimulation. The modeling and simulation were both
Introduction
The development of innovative types of esophageal electrodes or their further development is costly for a company. Additional costs are incurred for the time needed to produce prototypes and test them in a real environment, especially to test their interaction with biological tissue. Virtual simulations make it possible to create models with real material properties and to simulate and evaluate the interaction with their environment. This alternative can save costs and time. Today the spinal cord stimulation (SCS) is one of the most common treatment methods for chronic pain [1] . The aim of the study was to model the spine and new esophageal electrodes for the transesophageal electrical pacing of the spinal cord [2] . Left ventricular heart stimulation in the esophagus is perceived as painful. Transesophageal neurostimulation attempts to inhibit the transmission of excitation through the nerves. This pain transmission is suppressed by emitting electrical impulses.
Methods
The modelling and simulation were carried out using the electromagnetic and thermal simulation software CST (Computer Simulation Technology, Darmstadt). The two esophageal electrodes were modeled on the basis of the technical manual of the temporary esophageal catheter TO8 from the manufacturer OSYPKA AG (Fig. 1 ). The thoracic spine was modeled based on the dimensions of a human skeleton [3] . The 20 mm esophageal balloon catheter and the thoracic spine were then integrated into the Offenburg heart rhythm model (Fig. 2) . The simulation of the transesophageal neurostimulation is using the "Low Frequency Time Domain Solver" to show the electric field and the spread of electrical potential ( Fig. 3 and 5 ).
Results
In addition, the transesophageal electrical pacing of the spinal cord was performed with a trapezoidal signal and an electric potential of 5 V assigned to the esophageal electrodes (Fig.4) .
The neurostimulation was carried out for 1 second with a stimulation pulse of 0.01 s and a period of 0.05 s. This corresponds to a frequency of 25 Hz. The spread of the potential was measured at six points. After 1 second, a potential of 4.33 V could be measured directly at the electrode, 3.71 V at 2 mm into the myocardium, 2.68 V at 10 mm, 2.19 V at 30 mm and 2.1 V in the thoracic vertebra at a depth of 50 mm. 2.08 V were measured in the spinal cord at a depth of 70 mm (Tab. 1). The simulation was also carried out with 2 V and 7 V. 
Discussion
Esophageal balloon catheter and heart rhythm models as well as the simulation of electrical pacing fields and electrical sensing fields allow the static and dynamic simulation of directed transesophageal electrical pacing of the spinal cord. The advantage of the simulation with CST is a realistic propagation of the electric field lines by selection of the different conduction properties of tissue and bones. The simulations show the electrical potential as well as the electric field lines detected in the spinal cord. The results of 25 Hz transesophageal neurostimulation provided positive results that could be used for further research in this topic. Thus, pain reduction during heart stimulation is possible. It becomes apparent that the transesophageal neurostimulation also spreads in the direction of the heart. Since the transesophageal neurostimulation is an unexplored procedure, its effects on cardiac stimulation are still unclear. The 3D simulation of the electrical sensing and pacing fields may be used to optimize transesophageal neurostimulation. 
